Haemonchosis is considered to be the most economically important gastrointestinal disease of small ruminants in the tropics and subtropics. However, chemical anthelmintics, which were the mainstay of control, have been compromised by a high prevalence of resistance worldwide. Copper oxide wire particles (COWP) have been shown to have anthelmintic effects, but few studies have examined their use under field conditions. The use of COWP was therefore evaluated as a tactical anthelmintic treatment in indigenous goats raised under communal farming conditions in Bergville, KwaZulu-Natal Province, South Africa. At the beginning of the summer rainfall season (October 2007), the faecal egg counts of 172 female goats belonging to 15 farmers were determined and this sampling continued every four weeks until the second week of January 2008. The goats within each of the 15 herds were ranked according to their faecal egg counts for this week. The goats were sequentially paired off within each ranking starting with those goats with the highest counts. One goat from each pair was randomly allocated to a treated or control group. Two weeks later, a 4 g COWP bolus was randomly administered to each goat in the treated group. Faecal egg counts were carried out on the goats two weeks following treatment, and the sampling of the goats then proceeded every four weeks until October 2008. Except for the six-week period prior to the administration of the COWP, the goats were examined according to the FAMACHA © system and symptomatically treated with 12 mg/kg levamisole when anaemic. The percentage reduction in faecal egg count due to the COWP treatment was 89.0%. Mean pre-and post-treatment faecal egg counts for the COWP-treated group (n = 73) were 2347 eggs per gram of faeces (epg) and 264 epg, respectively. The corresponding values for the untreated controls (n = 66) were 2652 epg and 2709 epg. The prevalence of Haemonchus spp. larvae in pre-and post-treatment faecal cultures was 72% and 46%, respectively. Symptomatic anthelmintic treatments in combination with mid-summer tactical treatments with COWP appear to be useful strategies for the control of Haemonchus contortus in indigenous goats in this farming system and this approach could have application in other similar agro-ecological zones.
Climate and vegetation of the study area
The vegetation and the climatic conditions of the study area falls within Biosource Groups 11 (Moist Transitional Tall Grassveld) and 12 (Moist Tall Grassveld) (Camp, 1999) , which for the most part is found at altitudes ranging from 900 to 1400 m and is characterized by the abundance of thatch grass, Hyparrhenia hirta. The average mean annual rainfall ranges from 712 to 1116 mm per annum. The rainy season generally occurs from September (spring) to May with rainfall increasing to December (midsummer), and then declining towards May (late autumn). Pastures are infective for H. contortus from about November onwards. Temperatures range from 12 to 29 °C (mean 20.5 °C) in summer and 1 to 23 °C (mean 12 °C) in winter.
Data for rainfall and temperature during the study period were obtained from the weather station, Broad Acres, Bergville (28°49′7.14″S; 29°24′7.74″E; altitude 1246 m) which became operational in 2003.
Epidemiological investigations
The field experiment was conducted from October 2007 until November 2008 and a total of 189 animals were included in the experiment. The animals used are referred to in this article as "indigenous", as they had the general appearance of the goats traditionally kept by the IsiZulu-speaking people of the area for sale and traditional slaughter. There appeared to some Boer goat influence in the herds. None of the herds could be classified as belonging to a distinctly different breed from any of the other herds. The faecal egg counts (FECs), packed cell volumes (PCVs), body condition scores (BCSs) and live weights of the goats were monitored every four weeks starting during the week of 15 October 2007 and continuing until the week of 8 January 2008. During the week of 22 January 2008, COWP boluses were administered orally to the treated group, as described below. The animals were sampled two weeks later, in the week of 5 February 2008, and the monitoring continued every four weeks after that until and including the week of 13 October 2008. The goats were aged by examining the incisor teeth (Mitchell, 1982) , assigned unique identification numbers and individually ear-tagged. Young animals (0 permanent incisor teeth) and adults (≥2 permanent incisor teeth) were identified as such at the commencement of the trial (October 2007). The samples were collected over a three day period in each week of sampling. The area visited and the individual farms were consistently visited on the same day of the week (Tuesday, Wednesday or Thursday) during each field trip.
Faecal egg counts in eggs per gram of faeces (epg) were carried out using the Pitchford-Visser method (Reinecke, 1983) , as modified by Malan and Visser (1993) . Excess faeces not used for the faecal egg counts were pooled for each herd and cultured for infective third-stage larvae (Van Wyk et al., 2004) . Differentiation between Teladorsagia and Trichostrongylus spp. was not attempted. Faeces were collected from additional goats not included in the experiment in each herd and added to the pooled faecal sample before culture. One hundred larvae harvested from each culture were identified except where the culture did not yield 100 larvae. In such cases, as many larvae as possible were identified. The body condition of each goat was scored on a scale of 1 (very thin)-5 (very fat) ( Russell, 1984 and Williams, 1990) . The live-weights were determined using a spring balance (Salter Model 235, Capital Scales, Pretoria, South Africa) suspended from a tripod.
Testing of copper oxide wire particles
The experimental goats of each of the 15 participating farmers were allocated to a COWP-treated and an untreated control group. This was done by ranking the goats for each farmer from highest to lowest according to their faecal egg count for the sampling week of 8 January 2008. The goats were then sequentially paired starting with those with the highest egg counts and one of the two were randomly assigned to the treated or the control group. The remaining one of the pair was then allocated to the group not allocated to the first of the pair.
During the sampling week of 22 January 2008, 4 g COWP boluses (Copinox ® , Animax Veterinary Technology, United Kingdom) were administered orally with an applicator, to those animals that had been allocated to the COWP treated group. Directly after the bolus had been given, 10 ml of water was administered to the animal using a syringe. The animals were carefully observed to ensure that the bolus had been swallowed. Animals assigned to the control group received 10 ml of water only administered by syringe per os. The faecal egg counts for the sampling week of 22 January 2008 (pre-COWP) and the sampling week of 5 February 2008 (2 weeks post-COWP) were used to calculate the percentage reduction in egg counts (percentage efficacy) as a result of the COWP administration. Goats for which egg counts were not present at both sampling occasions as well as those with egg counts of less than 200 epg pre-COWP-treatment were excluded from the calculations. An animal whose PCV was below 20% during the sampling week of 8 January 2008 and was treated with levamisole, was also excluded from the calculations. COWP efficacy was calculated using the formula by Presidente (1985) , but using the arithmetic means: PoT = post-treatment mean faecal egg count of the treated group; PrT = pre-treatment mean faecal egg count of the treated group; PrC = pre-treatment mean faecal egg count of the control group; PoC = posttreatment mean faecal egg count of the control group.
Data analysis
Seventeen goats were absent at two or more sampling occasions and all the data for these goats were excluded from the analysis of the epidemiological investigations. A total of 172 goats were included in these final analyses, 55 from the Hoffenthal area (5 farmers), 45 from the Ogade area (6 farmers) and 72 from the Dukuza area (4 farmers). The data were entered into an MS-Excel spreadsheet and an analysis of variance (ANOVA) (using Genstat ® for Windows ® 13th edition, VSN International Ltd.) was performed to test for differences between the control and COWP-treated groups of goats in their mean FECs, FAMACHA © scores, PCVs and BCSs. Faecal egg counts were transformed (log 10 ) to stabilize variances for the analyses but the untransformed means were used in the figures in the present paper. Testing was done at the 5% confidence level and the means separated using Fisher's Protected Least Significant Difference (LSD) test.
The FEC and PCV data were further subjected to Levene's test (Levene, 1960) for homogeneity of variances between sites for four separate times with regard to COWP administration: pre-COWP, and 2, 6 and 10 weeks post-COWP. Thereafter the combined data were analyzed as a three-factor factorial in a completely randomized design at the four separate times. The factors were the three areas (Hoffenthal, Ogade and Dukuza), two treatments (control and COWP) and two ages (young and adult). The appropriate analysis of variance (ANOVA) was performed (using Genstat ® for Windows ® 13th edition, VSN International Ltd.) on the transformed (log 10 ) FECs and the PCVs. Again, Fisher's Protected Least Significant Difference was calculated at a 5% significance level to compare means of significant effects. A Spearman's rank correlation coefficient was calculated to examine the relationship between the FAMACHA © scores and PCV values obtained.
Results

Climatological data
Mean average rainfall and minimum and maximum temperatures recorded throughout the study period are given in Fig. 2 . 
Live weights and body condition score
The young goats had an average live weight ± standard deviation of 24.75 ± 2.89 kg while the adult goats weighed 33.61 ± 2.03 kg. Live-weight data were used to determine the drug dose at the time of sampling but were not further analyzed because of the effects of pregnancy and kidding on live weight. The mean BCSs for the goats fluctuated minimally over the trial period with no significant differences between the control and treated groups of goats being evident. The BCSs of the adults ranged between 1.73 and 2.41 for the controls and 1.85 and 2.45 for the treated group of goats.
Faecal egg counts
An increase in the mean FEC was recorded from November 2007 to January 2008 ( The analysis of variance (ANOVA) for pre-and three periods post-COWP administration for log 10 faecal egg counts and PCV values are given in Table 1a and Table 1b . No significant evidence of homogeneity of variances were found between sites for the transformed FECs except for two weeks post COWP (P = 0.025; Table 1a ). All the other periods had a P > 0.576. As such, the site variances could be considered of comparable magnitude and a valid factorial ANOVA was done on the data combined for the three sites. The ANOVAs indicated no significant two or three factor interactions, therefore only the main effects were examined. Table 2a and Table 2b gives the main effect means for the transformed and untransformed FECs and PCV values.
Means within the same source effect with the same letter or letters do not differ significantly at the 5% significance level. No letters means no significant difference. Table 2b . Main effect means for pre-and three periods post-COWP administration for PCV content and number of animals sampled (n). Means within the same source effect with the same letter or letters do not differ significantly at the 5% significance level. No letters means no significant difference.
Source effect Levels
During the week of 5 February 2008, two weeks after COWP administration (week of 22 January 2008), a marked decrease in FEC for the COWP-treated group of goats was evident. There was strong evidence (P < 0.001) of a difference in FEC between the controls (2382 epg) and the treated group (223 epg) (see Fig. 3 and Table 2a ). The egg counts in the treated group had increased by the next sampling event (week of 4 March 2008), six weeks after COWP administration and no difference in egg counts was evident between the treated and untreated groups on this date (P = 0.787), nor was any difference noted at ten weeks post-COWP (P = 0.256; Table 2a ).
The FECs for the goats in Dukuza were higher than those for Hoffenthal and Ogade at two weeks post-COWP (P = 0.004) and higher than those for Ogade at ten weeks post-COWP (P = 0.016). The FECs for the young goats were higher than those for the adults at 6 and 10 weeks post-COWP (P = 0.008).
The overall egg count reduction efficiency was 89.0%. The greatest COWP efficacy was in the Ogade area (95.8%), followed by Hoffenthal (91.2%) and Dukuza (81.8%). The FEC reduction was 85.5% in the young animals and 89.4% in the adults (Table 3) . Table 3 . The calculated percentage efficacy, mean FECs (range) pre-and post-COWP administration and number of animals sampled (n) for the control (C) and treated (COWP) groups of goats per area and age group. 
Area Goat age group
Faecal cultures
Four genera were identified in faecal culture, i.e. Haemonchus, Oesophagostomum, Teladorsagia/Trichostrongylus and Strongyloides. Similar percentages of each genus were present at the three study sites. These were therefore averaged and are presented for each sampling week in Fig. 4 The COWP boluses were administered when peak faecal egg counts were recorded in January 2008, corresponding to peak Haemonchus spp. larvae numbers (71.9% of total larvae) which were almost 3-fold higher than those of the second most abundant group (Teladorsagia/Trichostrongylus spp.; 25.7% of total larvae). Although faecal cultures were not set up separately for the COWP-treated and control goats, an overall reduction in the percentage of Haemonchus spp. larvae (46.1% of total larvae) was seen two weeks after COWP was administered, while Teladorsagia/Trichostrongylus spp. proportions had doubled (50.9% of total larvae).
Packed cell volume
Over×all, the mean PCV was above 26% at the start of the trial and this increased to greater than 28% in mid-December 2008 (Fig. 5) . By the time of COWP administration, the mean PCV had dropped below 26%. Unlike the COWP treated group (average 26.05%), the PCVs in the control goats continued to decrease slightly into March 2008 (average 24.76%) after which they remained around the 26% mark for the remainder of the trial. As for the transformed FECs, no significant evidence of homogeneity of variances were found between sites for PCV (P = 0.389; Table 1b ) and a factorial ANOVA was therefore done on the data combined for the three sites. The factorial ANOVA indicated no significant two or three factor interactions, therefore only the main effects were examined and these are given in Table 2b .
There was strong evidence (P < 0.001) of a difference between the control (PCV = 24.8%) and the treated group (PCV = 26.7%) two weeks after COWP administration (week of 5 February 2008; Table 2b ). A lower PCV (P = 0.028) for the control group extended to the week of 4 March 2008. The PCVs for the goats in Dukuza and Ogade were lower than those for Hoffenthal at two weeks post-COWP (P < 0.001).
FAMACHA © score
For the goats in all three areas combined, the mean FAMACHA © score ranged from 2.12 to 3.10 over the trial period (data not shown). The mean scores fluctuated minimally during the trial period and displayed very little difference between the control and treated groups of goats. The number of goats that required drenching at the start of the trial (in October 2007) in the COWP-treated and control groups decreased, respectively from 68 to 31 and 66 to 21 by the end of the trial period (in October 2008; Table 4 ). Before the administration of COWP, at the second January 2008 sampling, 46 of the COWP-treated goats and 41 of the controls would have required drenching (but were not actually treated, as discussed in Section 2). Two weeks post-COWP administration (in February 2008), 38 goats in the COWP-treated group and 42 in the control group required drenching. However, six weeks after COWP was given (in March 2008), the number of COWP-treated goats requiring drenching increased to 48 while those in the control group remained at 42.
